INTRODUCTION
Biopolymers have large potential and several advantages.
They are either biodegradable or can be produced from renewable resources, and most of them are biocompatible making them ideal candidates for biomedical applications. However, they possess some drawbacks as well. In spite of increasing production capacity, bio-based and biodegradable alternatives are still expensive compared to commodity polymers and their properties are also often inferior, or at least do not correspond to the expectations of plastics converters or users. The performance of biopolymers must be improved considerably to utilize their potentials and penetrate new markets. Consequently, the modification of these materials is in the focus of scientific research.
For various reasons both industrial and scientific interest increased in poly(lactic acid) (PLA) in recent years [1, 2] . Hopes are rising that this material may present an alternative to commodity polymers in several fields of application. However, the rapid physical ageing of PLA results in a brittle material with low impact resistance [3] , thus most studies aim to improve this property by either plasticization [4] or blending with various elastomers [5] [6] [7] [8] [9] . This latter approach can be implemented for biopolymers, like poly(lactic acid) or starch, as reported by Dubois et al. [29, 30] . The ring-opening polymerization (ROP) of cyclic esters initiated by the hydroxyl groups of biopolymers like starch [29] , dextran [30] or partially substituted cellulose acetate (CA) [31, 32] is a convenient method for the preparation of block copolymers by reactive processing. Numerous other combinations are also possible [33, 34] .
Although many studies describe solvent based, laboratory scale techniques [35] , the true potential of reactive compatibilization lies in reactive processing in melt. Apart from the environmental benefits of a solvent-free process, these methods are generally less time-consuming and also cheaper, since 6 conventional processing equipment can be used for one-step blending and compatibilization with all the advantages of a chemical approach [36] . The considerable potential of this method consists in the fact that structure and properties can be controlled relatively easily by the proper selection of agents, blend composition and processing conditions.
The synthesis of a segmented polyurethane elastomer in poly(lactic acid) melt is reported in our present communication.
In 
Characterization
In order to characterize their structure, PLA was selectively dissolved from the blends by extraction in Mechanical properties were characterized by tensile testing on standard ISO 527 5A specimens with a thickness of 1 mm using an Instron 5566 apparatus. Stiffness (E) was determined at 0.5 mm/min cross-head speed and 50 mm gauge length. Tensile strength (σ) and elongation-at-break (ε) were calculated from force vs. deformation traces measured on the same specimens at 5 mm/min cross-head speed.
RESULTS AND DISCUSSION

Optimization of stoichiometry
MDI and butanediol form the hard segments, while the soft segments are blocks containing mostly PTHF units in the polyurethane synthesized in our study. The stoichiometric ratio of the functional groups has to be optimized in order to obtain high molecular weight polymer in the reaction. Slight isocyanate excess is usually applied because of the inevitable presence of some traces of water and other impurities [38] .
When conducting the polymerization in PLA melt, the isocyanate group is expected to react with both the hydroxyl and carboxyl end-groups of poly(lactic acid) leading to the formation of PLA-b-PU block copolymers acting as compatibilizer (Fig. 1) .
Although reactions with the carboxyl groups might result in carbon dioxide formation, this should not lead to any difficulties in processing, because of the large molecular weight and thus the small number PLA end-groups. Indeed, foaming was not observed during the production of any of the samples.
Nevertheless, the ratio of isocyanate and active hydrogen containing groups, i.e. NCO/H(a), where H(a) refers to the number of PTHF, BD and PLA end groups, had to be optimized, because of the possible side reactions and the presence of traces of water.
The torque measured during reactive processing is in direct correlation with the viscosity of the melt. Since that of PLA remains constant, or decreases slightly as a result of degradation, any increase in viscosity must be related to an increase in the molar mass of the forming polyurethane as shown in Fig. 2 . We investigated the effect of the NCO/H(a) ratio in blends containing 0.3 volume fraction polyurethane. As expected, equilibrium viscosity of the melt increases as the ratio of isocyanate and active hydrogen containing groups approaches 1 (Fig. 2a) , while smaller torque was recorded at larger NCO excess (Fig. 2b) . In this latter case, however, melt viscosity increases 
Structure and properties
The structure and properties of the reactive blends (PLAb-PU) were compared to those of samples with the same composition but prepared by physical blending (PLA/PU). The morphology of the blends was analyzed by SEM ( Fig. 5) and AFM (Fig. 6) . Both methods show the formation of a heterogeneous structure in all samples, while significant differences can also be observed between the physical and the reactive blend. In the case of PLA excess this polymer is likely to be the continuous phase, although this can hardly be decided at 0.5 volume fraction PU based on SEM micrographs only (Fig. 5) . Considering the AFM images shown in Fig. 6 , however, we might conclude that PU is the dispersed phase at this composition, and phase inversion should occur slightly above 50 vol% polyurethane content. In the case of the reactive blends, AFM images (Fig. 6b) 
Chemical structure of PLA-b-PU copolymers
As mentioned earlier, the isocyanate component is expected . 9 ) their size is much smaller than that of both polymers, thus they cannot be attached to PU or PLA chains. Their amount is small, less than 2 %. The presence of the signal at 5.9 ppm proves that polyurethane forms at the hydroxyl end of PLA (Fig. 1a) , but signals belonging to amide groups forming on the carboxyl end-group or the formation of acylurea could not be found in the spectra. However, we have to note that the peak assigned to the free -OH end groups of PLA at ~4.4 ppm in Fig. 8 A DOSY experiment was carried out in order to prove the formation of PLA-b-PU block copolymers and to gain information on the size and size distribution of the polymeric components.
As the dotted line in Fig. 9 shows, the polyurethane component 
